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SUMMARY

Resultsfromflighttestsattransonicspeedsarepresentedfora
canardsnda conventional-tail(ortail-last)rocket-poweredmcxlelin
continuousroughair. Theuseofanairspeed-fluctuationinstrumentfor
measuringtheturbulenceintensityexperiencedby themodelsisdescribed,
alongwiththeresultingimprovementinthetechniqueoftestingrocket
modelsinroughair. Thelimitationsofthetechniqueformeasuring
small-ordereffectsarealsodiscussed.

‘J’heshort-periodfrequencywasdominantinthecenter-of-gravity
normal-accelerationresponseforbothmodels.Thevariationofload. intensitywithMachnun!berforthecanardandtail-lastmodelsis com-
paredwithresultsfroma taiJlessmodelpreviouslytestedto showthe
effectofimprovingthedsmpinginpitch.A cmnparisonofthecanard
andtail-lastmodelsindicatedthattheloadintensitywasaboutthessme
orderofmagnitudeforbothmodelsatMachnumbersfrmn0.80to1.0and
anysmall-ordereffectsweremaskedinthelargescatterofthetest
results.

INTRODUCTION

Theneedforadditionalexperimentaltechniquesforstud@nggust
loadsonairplanesandmissilesattransonicandsupersonicspeedshas
ledtoan investigationoftheuseofrocket-poweredmodelsforgust-
loadsstudies.Theresultsfromtheexploratoryinvestigationarepre-
sentedinreference1 intheformofa testingtechniqueandprocedure,
alongwithexperimentaldataona taillessswept-wingrocket-powered
modelforflightthrough continuousroughair. Thedatapresentedin
reference1 promulgedtwomainconclusions:(1)Thelowdampingin
pitchofthetaillessmodelgaveriseto a sizableamplificationofloads
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inroughairand(2)thetestingtechniqueas described(inref.1)was
9

feasibleandpractical,buttheprecisionwassuchthatonlylsrge-order
effectscouldbe investigated.~ addition,severalimprovementsforthe
techniqueandinstrumentationweresuggestedinreference1.

Thepurposeofthepresentinvestigatipnwasto developfurtherthe
testingtechniqueandobtaingust-loadsdataontwoadditionalrocket-
poweredmodelsbothofwbichhad@roved dampingi.npitchoverthetail-
lessmodelasshowninreference2. Thetwomodelshad45°swep%back
wingsofaspectratio6 andNACA6sA0@ airfoilsectionwhichwereiden-
ticalto thoseofthetaillessmodelofreference1. Improveddamying
wasobtainedby theadditionoftailsurfaces.Foronemodela canard
surfacewasaddedandfortheotherthetailwasaddedintheconventional
ortail-lastposition.

As inreference1,thetestprocedureinvolvedtestingthemodelsin
clear-airatmosphericturbulenceassociatedwithpost-cold-frontconditions.
A surveyairplanewasusedin choosingthetestdaysandindeterminingthe
variationofturbulenceintensitywithaltitude.W presentinvestigation
differedfrcmreference1 inthatthemodelswereequippedwithanindepend-
entsystemformeasuringtheturbulenceinthehorizontaldirection.

Zntheevaluationofthetestresultsandintheassociatedtheoreti-
calcalculationspresented,exkensiveuseismadeofthetechniquesof “
generalizedhamonicanalysis

t
Thetestresultsarepresentedintheform .

oftimehistories,powerspecra,androot-mean-squarenormal-acceleration
incrementsforMachnumbersfrom0.80to1.0forboththecanardandtail-
Lastmodels.331a@Ltion,comparisonsaremadeofthevatiationofroot- ‘
mean-squarenormal-accelerationincrementswithMachnuder ofthetail-
last,cansxd,andtailless(ref.1)modelsto Wustrate theoverallleffect
ongustloadsofimprovingthe&mp@j inpitchofboththetail-lastand
canardmodel.soverthetaiX1.essmodel.
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MODELSANDINSTRUMENTATION

Models

A canardanda tail-lastconfigurationhaving45°sweptbackwingsof
aspectratio6 andWA 6 ionpaxall.eltothefreestrem

-. ..-. . . . .. . . . ____ —- — .----- —----—-. —.- --- — -— ——----- —---- .———.. _. -. --—



——-.——. .—-——-— —__— —

.

4 NACARM L541X7

wereusedinthepresentinvestigation.Thetailsurfaceswereswept
back45°andhadanaspectratioof4 andNACA65AO06airfoilsections.
Theprincipalfeaturesofthemodelsareshuwninffgures1 to 3. The
fusehgeforbothmodelswassimilarto thatofthetaild.essmodelof
reference1 witha cylindricalsectionaddedatthefuselagemaximum
diameter.Thefuselageordinatesaregiveninreference2. Flat-plate
aluminum-alloyfinswereusedto stabilizethemodelsdlrectionaUy.
IdstedintableI aretheimportantphysicalcharacteristicsofthemodels.

Instrumentation

Boththecanardandtail-lastmodelswereequippedwitha four-channel
telemetertransmittingmeasur~ntsofnormalacceleration,fromacceler-
ometersatthecenterofgratity=d m thenoseofthemodel,~otalpres-
sure,andfluctuationsin totalpressure.Thenaturalfrequencyanddamping
ratiocftheaccelerometersaregiveninthefollowingtable:

Canardmodel Tail-lastmodel

Accelerometer
f

Damping DaW~n, Cps ratio fn,Cps

Centerofgravi~ 78 0.69 84 0.52
Nose 81 .yo 79 .70

An@.itude-responsecorrectionsfortheaccelerometerswerenotmade
forfrequenciesup to 35cps. Thenoseaccelerometerswerelocatedapprox-
imately3 feetaheadofthecenterofgavityforbothmodels.Ground
instrumentationincludeda CWEopplerradarsetforobtainingmodelveloc-
ity,a modifiedSCR584radarsetforobtainingmodelpositionin space,
anda radiosondeforobtainingatisphericconditions.

Theneedforaninstrumenttomeasuretheturbulenceexperiencedby
themodelsledto thedevelopmentof a deviceformeasuringhorizontal-
gustfluctuationsorfluctuationsintotalpressure.Theproblemencount-
eredfortherocket-poweredmodelswasthedifficultyofaccuratelymeas-
uringfluctuationsintotalpressure(duetogusts)whichwerea verysmall
percentageofthesteady-statepressure.A &b?ferentialpressurecellwas
adaptedforthispurposeandwas.installedinthemodelsfordevelopment
purposes.A schematicdrawingoftheinstrmentis showninthefollowing
sketch:

.

.

.

.

.
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Movementproportionalto

-%”’

magnitudeof’fluctuations

I x

~Diaphragm
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L
Averagetotalpressure

CaP- tube -

TheM.fferentialcellis connectedin sucha waythatonesideofits
diaphragmisexposedtothesow”ceoffluctuatingtolxd.pressiweand
theothersideofthediayhrqgnis connectedto a sourceofrel?erence
pressurewhoseamplitudeisequalto theaverageofthefluctuat~
totalpressure.Thisaverageofreferencepressureisotdnedby con-
nectingthefluctuating-pressuresourcetothereferencehalfofthe
cellby a capillarytube.Themovementofthediaphr~ isthenpropor-
tionalto themagnitudeofthefluctuations.A dynamiccalibrationof
theinstrumentprovidedinformationformakingsmplitude-responsecorrec-
tionsforfrequenciesfromabout5 to 50 cps.

TEsT PRo3mJRE

ModelPref13ghtTests

Longitudinal-stabilltytests.-Theresultsfransmooth-airtestsof
anidenticalcanardmodel(ref.2) anda similartail-lastmodel(ref.3)
wereusedto determinethelongitudinalstabilitycharacteristicsand
theirvariationwithMachnuniberforthetwomodelsofthisreport.Shown
infigure4 arethestaticanddynamiclongitudinalstabilitycharacter-
isticscalculatedfortheflightconditionsofthecanardandtail-last
modelsfromfhestabilitydataofreferences2 and3. Alsoshowninfig.
ure4 arethestabilitycharacteristicsofthetaiJlessmodelofrefer-
ence10 Thevariationof lift-curveslopewithMachnumberforeachmodel
maybe foundinreference2.

Vibrationtests.-Thestructuralvibrationmodes,frequencies,and
nodallinesofthetwomodelsweredeterminedby suspendingthemodels
fromshockcordsattachedtoforwardandrearwardsectionsofthefuse-
lageandmechanicallyvibratingthemodelby anelectromagneticshaker
mountedatthecenterof’gravity.Theseresultsareshowninfigure5
forbothmodels.

.
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Theatmospheric
selectinga suitable

ModelTests

andturbulenceconditionsforforecastingand
testdayaredescribedin detailinreference1. A

similarprocedurewasusedforthepresenttest;onthedayofa post-
cold-frontconditionwithstrongoffshorewindE,anairplanesurveywas
madeto determinethesuitabilityoftwb~ence conditionsoverthefiring
rangeattheLangleyPilotlessAircraftResemchStationatWallopsIsland,
Va., andto determinetheintensityandvariationwithaltitudeofthe
turbulence.

Thetwo models,canardandtail-last,werenottestedonthesame
day;however,thesameprocedurewasusedforeachtest.Themodelswere
ground-launchedat anelevationangleof25°in orderto insurethatthe
tests.be conductedatlowaltitudes(upto 3,000feet)intheregionof
tistingturbulenceconditions.Followingseparationfromtheirbooster-
rocketmotors,themodetiexperienceddeceleratingflightforabout8 sec-
endsfrcunM = 1.0 to M = 0.80.Thensustainerrocketsinthemodels
acceleratedthemodelsto aboutM = 1.1,afterwhichdatawereobtained
forthesecondtimefrom M =1.0 to M = 0.80.Unfortunatelythetelem-
eterdidnotfunctionforthefirstdeceleratingperiodofthetail-last-
modelflightanddataarepresentedforonlytheseconddecelerating
periodoftheflight.As shownintableI,smalldifferencesinweight
andmomentof inertiaetisted,forthecanardmodelfortheconditionsof
beforeandaftersustainer-rocketburningwhichresultedinthesmall
tiffereu”esin dynamicandstaticstabilityshowninfigure4.

TurbulenceMeasurements

Althoughthemodelswereequippedwiththetotal-pressure-fluctutation
instrment,theairplanesurveyswerestilla necessarypartofthetech-
niquesincethefinaldecisionformdcingthetestsdependedontheair-
planepilot’sjudgmentasto thesuitabilityoftheturbulenceconditions.
Also,forthetail-lastmodelthedataobtainedfromthepressure-
fluctuationinstrumentdidnotappeartobe reliableandthesurvey-
airplanedataweremed as discussedinreference1 to establishthevari-
ationofturbulenceintensitywithaltitude.

Onthetestdays,airplanesurveysweremadealongthefiringcourse
ataltitudesfran5CQto 3,500feetin500-footincrementswithtwotest
runs,4 to ~ milesinlen@hjmadeateachaltitude(to-seaandto-land
directions). Therecordedairspeed-accelerationdataateachaltitude
wereevaluatedto determinethederivedgustvelocities‘de inaccord-

ancewiththerevisedgust-loadformula.Forthetti-last-modeltest
theairplanesurveydatawereusedin thefollowingmannertoestablish
thespectraofturbulenceencounteredby themodelatthevariousaltitudes.

.
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Ihreference1 sanetestresultsaredescribedforanairplaneequipped
withanairspeed-fluctuationmeasurimgsystemwhichestablishedthatthe
shapeofthespectrumofhorizontal‘gustvelocitiescouldbe appro-ted
by therelation

q((l) = : (0.003< sl< 0.5)

where K is a constantandisa measureoftheturbulenceintensity.
Ifthissimplerelationisalsoassmd toapplytothespectrumofverti-
calturbulence,thevalueof K appropriatetothetail-last-modeltest
conditionswasestimatedfromtherelativegustexperience

‘%
ofthe

surveyairplaneandtheairplaneusedto obtaintheshapeofthegustspec-
tru. Forexample,thed.rplan.eusedinestablishingtheshapeofthespec-
trumindicateda spectrmmof O.052/# andevaluationsfromthesurvey-
ai,rplanedataindicatedthatthegustintensitiesforthetail-lastmodel
atthe1,500-foot-altitudeconditionwereroughly76percentassevereas
thoseobtainedfromtheairplaneflightsto determinethespectrumshape.
Theappropriatevalueof K forthetsil-lastmodelat1,500feetwould
thenbe 0.052(O.76)2or0.03sincethespectrumisa functionofthegust
velocitysqusred.ShownintableII me thevaluesof K obtainedin
WE mmner forthetail-lastmodel.

An examinationoftheairptiesurveydataforthecanaxd-modeltest
indicatedthattheturbulenceintensitydecreasedasthedistancefrmnthe
shoreincreased,inadditionto changingwithaltitude.Uhderchanging
conditionsofturbulenceofthistypethesurvey-airplanedatacouldnot
be usedto definethelevelofturbulenceexperiencedby themodelfor
shortperiodsofthe or ssmplelengths.Oneoftherecommendationsmade
inreference1 forimprovingth&testingtechniquewasto exercisegreater
selectivityin thechoiceoftestconditionsto obtainmorehomogeneous
turbulence.Apparentlythesurvey-airplanepilotwasinfluencedtoomuch
by theheavyturbulenceneartheshoreinmakingthedecisiontotestthe
model.A fairlysatisfactoryimprovementinthetechniqwhasbeenused
ina recenttestby telemeteringtheaccelerationdatafromthesurvey
airplaneto a visual.recorderonthegroundandthusenablinganother
observerto exsminetheaccelerationtraceforsuitabletestconditions.

Fortunatelythespectraofturbulenceobtainedfranthetotsl-
pressure-flucktion instrumentforthecansrd-modeltestappearedto
be a satisfactoryindicationoftheturbulenceencounteredby the-model.
Sever&lpowerspectraofthehorizontalcomponentofgustvelocity
obtainedforseverslportionsofthecanard-modeltestareshowninfig-
ure6. ‘Thespectrainfigure6 havebeencorrectedforthefrequency
responseofthemeasuringsystemwhichisfairlypooratlowfrequencies
up to0.05radianperfootorabout7 cps. Thespectraalsoshow

. . .. -.-—. -.. —.- ——c .— .-— ___ ——.. -.— ———. — ———. .-. .—— . .
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considerablescatterprobablyduetotheshortrecordsamples.Curves
ofthetype K/$&,whichareshownby thesolidlinesoffigure6,were
fittedtothedatatohavethessmemean-squaregustvelocityasthe
datapoints.Thevaluesof K obtainedinthismannerareshownin
tableIIforthecanardmodelandindicatea largedecreaseinturbulence
intensityfortheseconddeceleratingperiodoftheflightaftersustainer~
motorburning.

Thetechniques
erences1 and4 are
rocket-modeltests.
continuouslyduring

RESULTSANDfmALYsIs

ExperimentalResults

ofgeneralizedharmonicanalysisas describedinref-
particularlyusefulinanalyzingthegustdatafrmn
Sincethemodels=e changingaltitude~d speed
thetests,theamountof dataobtainedatfixedcon-

ditionsisveryMmited. Ingeneral,thedataareanalyzedforrecord
sectionsaveragingabout2 secondsinlengthwherethechangeinmodel
forwardspeedisabout6 percentorless.ThentheMachnumberindicated
foreachrecordsectionrepresentsan aversgeduringthisspeedchauge.
Sincethe.normal-accelerationdatawerereducedfromthetelemeterrecords
atO.01-secondintervals,eachrecordaveragedabout200datapoints.The
directresultoftheshortsamplelengthisto introducestatisticalflue- ‘
tuationsinthedataandthus13mittheprecisionoftheresults.

Theresultsofthebasic-dataevaluationforthecsimrdandtail-last “
modelsforflightin continuousroughairarepresentedforseveralofthe
recordsectionsinthefomnoftimehistories(fig.7)andpower-spectral-
densityfunctionsofnozmalacceleration(figs.8 and9). Theseresults
servethepurposeofillustratingthegeneralcharacteristicsoftheloati
andmotionforflightthroughroughairandarepresentedasmeasured;
thatis,no correctionsfordifferencesinturbulenceintensitywithalti-
tudeweremade.

Thevariationofroot-mean-squarecenter-of-gravitynormal-acceleration
incrementswithl&chnumberispresentedinfiguxe10forbothmodels.In
orderto obtainthevariationoftheroot-mean-squarevalueswithMachnum-
beritwasnecessarytoadjustthetestresultsforthedifferencein tur-
bulenceintensityatthevariousaltitudes.ShownintableIIarethe
valuesoftheturbulenceintensityappropriateforeachrecordsection.
Thesevalueswereusedinratioformto adjusttheroot-mean-squarevalues
ofnormalaccelerationtoa gust-velocityspectmmhavingthe

@i(n).LLQ -
—

equation
f?

.
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Analyticalcalculations

. Inorderto determinewhetherthegenerallevelendvariationwith
klachnumberoftheroot-mean-squareaccelerationincrementcouldbe pre-
dictedbymeansofpower-spectralmethods,sometheoreticalcalculations
weremadeforbothmodels.Thetheoreticalbaaisfordeterminingmean-
squareloadsbymeansofgeneralizedhamnokicanalysisispresentedin
detailinreferences1 and4 andonlya briefdiscussionispresented
herein.Whentheatmosphericturbulenceis describedby a power-s&ctral.-
densityfunctionreferredto astheinput,it isrelatedtotheou@rt or
aircraftnormal-accelerationspectrumthroughtheamplitudesquaredofthe
aircraftfrequency-responsefunctionwhichisthenormal-acceleration
responseto sinusoidalgustdisturbances.Thesxeaundertheoutputor
normsl-accelerationpower-sp-ectral-detiitycurveisthemean-squarenormal
acceleration.Thespectrumofatmosphericturbulenceusedinthecalcula-
tionswas

aspreviouslydiscussed.Thetransferfunctionsweredeterminedas
describedinreference1. Theprocedureassumesthatthemodelinpene-
tratinga sharp-edgegustbehavesessentiallygsa one-degree-of-freedam
system(verticslmotiononly)up tothefirstpeakacceleration.This
rathersimpWied asswptionofneglectingpitchingmotionup tothefirst
peakisprobablyingreatererrorforthecanardmodelthanforthetail-
lsstmodel.Howeyer,calculationsforthecanardmodelusingthemethod
ofreference5 showedthatforthecaseofa sharp-edgegusttheeffect
ofpitchwasinappreciableuntilafterthemodelhadreacheditsfirst
peakacceleration.Thefirstpeaknormal-accelerationresponsesforboth
thecanardandtsil-lastmodelsweredeterminedfromtheresultsofref-
erence6,.sJ.ongwiththeexperimentalvsluesoflift-curveslopeobtdned
fromstabilitytestsofreferences2 and3. 13eyondthefirstpeakitwas
assumedthatbothmodelsrespondedintheshort-periodlongitudinalmotion
(bothverticalandpitchingmotion)withtheperiodanddampingshownin
figure4. Franthemodelresponseto a stepor sharp-edgegust,the
frequency-responsefunctionvasdeterminedanalyticallyforMachnwnbers
from0.80to 1.0by theequsbionsgiveninreference4. Thevariationof
calculatedroot=mean-squareaccelerationobtainedforbothmodelsis shown
infigure10fordirectcomparisonwiththeexperimental.values.

.

.

DISCUSSION

Characteristicsofro*-air response.-An
typicsltimehistoriesof center-of-gravitysnd

~~~ -&-

examhationof several
noseaccelerationfor
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.

tail-lastmodels(figs.7(a),7(b),and7(c)) indi-
airbothmodelsundergosustainedandirregularoscil-
frequencieswhichappesrtobe anywherefrom4 to .
lowestfrequenpycorrespondstothemodelshort-
motion,andthehigherfrequenciesareseveralofthe

structuralfrequenciesshowninfigure5. Sincethevariousfrequencies
present‘aresomewhatmixedonthet--historytraces,thepowerspectra
offigures8 and9 willprovidea betteridentificationofthefrequencies.

M figure7(a)forthetail-kstmodelat M = 0.80 thenoseand
center-of-gravityaccelerometersindicateaboutthesamereadingforthe
short-periodmotion.Infigures7(b)and7(c)forthecanardmodelthe
short-periodmotionisgreatlyreducedinthenose-accelerationtimehis-
torycomparedtothecenter-of-gravityaccelerations.Thedifferencein
amptitudeofthenoseandcenter-of-gravityreadingsfortheshort-period
motionisProportionalto theangulsxaccelerationinpitchas givenby
theequation

%ose ‘&cg
Zig

where Z isthedistanceinfeetbetweenthetwoaccelerometers.For
bothmodelsthenoseaccelerometerwaslocatedabout3 feetaheadof
centerofgravity.Therefore,thetimehistoriesoffigure7 indicate
thatthes&ila-acceleration-inpitchwassmkller
modelthsmforthecanardmodel.

Theangularaccelerationinpitchis directly
lmgitudinalstabilftybymeansoftheexpression

I+i= %%crn= qszc%ha

forthe

related

whenthedampinginpitchisneglected.Thedifferencein
erationforthetwomodelsisthendirectlyrelatedtothe
short-periodfrequency% offigure4 since

t&l-last

tothestatic

pitchingaccel-
squareof the

Forexample,fromthedataoffigure4 at M = 0.80 thepitchingaccel-
eration6/& forthe.canardmodelwouldbe about2.8timesthatof the
tail-lastmodel.

.

,.

.
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Thetimehistoriesoffigures7(b)and7(c)correlatewiththepower
spectraofhorizontalgustvelocityoffigure6 forthecanardmodelin
thatthelargedecreaseinnormal-accelerationamplitudecorrespondsto
a decreaseinturbulenceintemityforthesecondyortionofthecsmard-
modeltest.

Powerspectraofaccelerationticrements.-Thespectraoffigures8
and9 arepresentedprimarilyforthepurposeofidentifyingthevarious
frequenciesillustratedinthetimehistoriesoffigure7 andforshowing
theirrelativecontributionstothetotalpowerormean-squareacceleration.

Thesespectra-withtheexceptionoffigures8(e),8(f),and9(e),
werecomputedfromthetime-historydataby usingtheproceduresrecom-
mendedinreference7. Thedatawerereducedfromtherecordsat
O.01-secondintervalswiththeresultthatthehighestfrequencythat
couldbe resolvedinthespectrawas50 cps. Sincethehigh-tieqqency
componentswerenotfairedfromtherecordsbeforecomputingthespectra,
thepowerdensitiesatfrequenciesm~r th 50 CPSarereflectedto a
smalJ_amountinthelowfrequencies.Fortyestimatesofpowerequally
spacedoverthefrequencyremgeofO to 50 cpswereobtainedforeach
recordsectionshown.As discussedinreference7, eachpointonthe
curvesoffigures8(a)to 8(d)and9(a)to 9(d)representsanestimate
oftheaveragepowerofa frequencybandwidthof5 cps. Thedirect
effectofthisbandwidthis a reductionin sharpnessofpeakvaluesof
thesespectra.

.

.

.

SeversJ-typicalpowerspectraofnormalaccelerationforthecanard
modelsreshowninfigures8(a)to 8(a)forfrequenciesfromO to 50 CPS.
Spectraofnormalaccelerationmeasured3 feetaheadofthecenterof
gravityareshown’infigures8(a)to 8(d)inadditionto thecenter-of-
gravitynormal-accelerationspectra.Forthecenter-of-gravitypower
spectrathegreatestconcentrationofpoweris atthemodelshort-period
frequencyof5 to 7 cps,andthereisanindicationofa smallpeaknear
35cpsorthewingfirstbendingfrequency.However,forthespectra
obtainedfromthenose-accelerometerdata,thepeakattheshort-period
frequencyisgreatlyreducedbecauseofangularaccelerationinpitch
(aspreviouslydiscussed).Thereducedturbulenceintensityforthepor-
tionofthecanard-modelflightaftersustainer-motorburdng (greater
distancefromtheshore)isillustratedbythereducedordinatescale
offigures8(a)and8(b)cmparedwithfigures8(c)and8(d). ~ order
to obtainspectrawhichincludethehigherfrequencies,severalrecord
sectionswereanslyzedbymeansofa magnetic-tapeharmonicsnalyzerand
areshownin figures8(e)and8(f).forthesamerecordsectionsasfig-
ures7(b),7(c),8(b),and8(c).Thehigh-frequencypeakisnear120cps
andanexardnationoffigure5 showsthatthisfrequencyisneara body
bendingnmdeforthecanardmodel.At a frequencyofMO cps,thespectra
offigures8(e)and8(f)havebeencorrectedforthefrequencyresponse
oftheaccelerometer,4nce’atthisfrequencytheamplitudeindicatedis
onlyaboutO.@ oftheactua3smplitude.Thedifferenceintheheightof
thepeakattheshort-periodfrequencyoffigures8(b)and8(c)compared

..— . . .. ..— — .—.- ————. .- . . . —. .. . _ _ _.._ __ _ ——- —
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withfigures8(e)and8(f)fromthe~tic-tape -zer iSProbabQ
dueto somedifferenceinthefilterwidthforthetapeanalysis.

Thepowerspectraforthetail-lastmodelshowninfigure9 aresimi-
lartothoseforthecanardmodel.A cmparisonofthepeaksattheshort-
periodfrequencyforthenoseandcenter-of-gravityaccelerationsindicates
thattheangularaccelerationinpitchwaslessthanthatindicatedforthe
canardmodel.Thespectrumoffigure9(e)obtainedfromthemagnetic-tape
_zer indicatesthata high-frequencypeaknear100cpsora bodytibra-
tionmodeisalsopresentforthetail-lastmodel.At a frequencyof
100cpstheamplitudeofthecenter-of-gravityaccelerometerreadingsis
about0.76oftheactualamplitude.

Vsz’iationofaccelerationwithl@chnumber.-‘I’hemeasuredroot-mean-
s’quareaccelerationsareshowninfigure10 asa functionofMachnumber
forboththecanardandtail-lastmodels.Thedataoffigure10havebeen
correctedto thesameturbulenceintensitybymeansoftableIIwhichlists
thevaluesof K intheequationoftheturbulencespectrum@i(O)= -&

forthevariousrecordsections.Thevaluesofroot-mean-squarenormal
accelerationoffigure10 correspondtoaninputspectrumofatmospheric
turbulencehavinga valueof K = 0.03. However,thedataoffigure10
sti~ includethedifferentweightandmomentofinertiaforeachmodel
listedintableI. Sincethevaluesof u offigure10areproportional
totheintegralsofthepowerspectraoffigures8 and9 fromO ta50 cps,
theyincludea smallamountofthepowerat100to120cpswhichwas
reflectedatthelowerfrequencies.

Withthelargeamountof scattershowninfigure10 itis difficultto
establishanydefinitevariationofroot-mean-squareaccelerationwithMach
numberortomakeccgisons of& canardandtail-lastmodelsotherthan
thegeneralleveloftheloadintensity.Withtheshortsamplelengthsof
datait ispossibleforstatisticalfluctuationsto causediscrepanciesor
scatteroftheorderof‘QOpercent.U thevariationof u withMach
nnnberdependsprimarilyonthevariationof dampinginpitch@th Mach
nmnber,thenit canbe seenfromthedampingdataoffigure4 thatthe
differenceinthevariationof u withMachnumberforthecanardand
tail-lastrocketmodelsisa small-ordereffectandismaskedinthe
scatterofthedata.

Curvesofcalculatedroot-mean-squarenormal
infigure10forcomparisonwiththeeqerimental
valueswereobtainedfromthesimplifiedtransfer
discussedalongwithaninputspectrum0.03/f#.

accelerationareshown
values.Thecalculated
functionspreviously
Thecalculatedcurves

includeonlytheshort-period=equencysin&’eno attemptwasmadeto
includestructuralfrequenciesin thetransferfunctions.Ingeneral
thereisfairageementinthegeneralleveloftheexperimentalandcal-
culatedvalues.

.
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In orderto sunmarizetheresultsfromthethreerocket-poweredmodels
thathavebeentestedinroughair,theexper~ntalroot-mean-squsrenor-
malaccelerationsforthetdlless(ref.1),tdl-1.ast,andcanardmodels
areshowninfigure11as a functionofMachnumber.Thedataoffigure11
havebeencorrectedtothessmeturbulence,intensityO.0~/# andrepresent
a wingloadingof22.7lb/sqft forallthreemodels.As canbe seenin
figure4,thereis a largevariationofthe to dampto one-halfamplitude
withMachnumberforthetaillessmodelandthisvariationisreflectedin
thevariationof a withMachnumberinfigure11.withtheexceptionof
onepointat M = 0.81. lha qualitativesensetheexperimentalvaluesof
u foreachmodelreflectthevariationofthe to dampto one-halfampli-
tudeforeachmodel.Thelargeamplificationofloadintensityduetothe
decreasedpitchdamp- ofthetaillessmodelfrom M = 0.8to 1.0 isnot
seeninthedataforthecansrdandtail-lastmodels.

CONCLUDINGREMARKS

Resultsfromrocket-modelflighttestsin continuousroughairat
Machnumbersfrom0.8to1.0atlowaltitudeshavebeenpresentedfora
canardanda tail-lastconfigurationhavingthesameMng andtailsur-
faces.Thetechniqueusedintestingrocketmodelsinroughairappears
tolacktheprecisionnecessaryforinvestigatingsmall-ordereffects.
However,considerableimprovementinthetechdqw wasrealizedbyusing
anairspeed-fluctmtioninstrumentinthecanardmodeltomeasurethe
turbulenceintensj_tyexperiencedby themodel.Thisinstrument,which
measuresfluctuationsintotalpressure,isstillinthedevelopmentstage
butappearstobe a betterindicationoftheturbulenceexperiencedby the
modelsthanthesurvey-aiqibnedata.Thesurveyairplaneis stilla nec-
esssrypartofthetechniquesinceit isnecessaryto selectcarefully
thetestdaysforhmnogeneousturbulencerequiredfortherelativelyshort
modelfllghts.Asmentionedina previousinvestigation,theprecisionof
theresultscoul.dbeimprovedby obtaininglongergmmplesateachtest
condition.

Theexperimentaldataforthecanardsndtail-lastmodelsshowed,that
theshort-periodfrequencywasdominantinthecenter-of-gravitynormal.-
accelerationresponse.Thiswasalsoshownbya sharypeakinthepower-
spectrsl-densityfunctionsofnormalaccelerationattheshort-periodfre-
quencyforbothmodels.As illustratedbydifferencesin center-of-gravity
andnosenormalacceleration,thecanardmodelexperiencedlargervaluesof
~ accelerationtipitchduep~il..yto ~eaterstaticstability.
Thevariationofroot-mean-squarenormalaccelerationwithMachnumberdid
notshowanysignificantdifferencebetweenthecanardandtail-lastmodels
probablybecause
thevariationof
wascampsredfor

oflackofprecisionb testresults.However,when
theroot-mean-squarenormalaccelerationwithMachnumber
thepreviouslytestedtaillessmodelandthecanardand

. --- . . .. -——. ~—.— .——.— —— — ——— .---———— ———
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tail-lastmodels,theeffectoftheimproveddampinginpitchofthecanard
andtail-lastmodelscouldbe seenin a qualitativesenseinthatthecurves
forallthreemodelsreflectedthevariationoftimeto dsmpto one-half

.

amplitudewithMachnmber.

LangleyAeronautical.Laboratory,
NationalAdvisaryCamuitteeforAeronautics;

Langley~eld, Vs.,Novemberx, 1954.
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TABLEI.-MODELMASSCHARACTERISTICS

15

W,lb . . . . . .. o....
Center-of-gravityposition,
positimrearward,percent

Iy,slug-ft2. . . . . . . .

●

E
.

Beforesustainer-
motorburning

.* 99.6

. . -125

. . 10.48

Aftersustainer-
motorburning

89.6

-131.5
10.14

Tail-LastModel

Aftersustainer-
motorburning

W,lb.. . . . . . . . . . . . . . . . . . . . . . . . . . 86.9
Center-of-~avitypositionpercent5 . . . . . . . . . . . 21.2
Iy,slug-ft2. . . . . . . . . . . . . . . . . . . . . . . 8.39
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TABLEII.- VALU13SOF KY’OR~ CANARDANDTHE

TAIL-LASTMOlXX5

M h, ft K forequationOi($l)= ~

0.940
Ag

1.015
.940
.895
.855

600
goo

1,060
1,1.20
l,OCC)
810
550

0.0235
.0571
.0284
.O@
.m41
.0137

‘ .?059

Tail.-IastModel

1.040

.971

.920

:g
.818
.800

2,650
2,655
2,410
2,050
1,600
1,035
Jmo

0.0370
.0370
.O*
.0278
.0288
.0294
.0332

————
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(b)Canardmodel..

Figure3.-Photographsofmodels.
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(b)
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VariationofundampednaturalfrequencywithMachnumber.
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o
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M

Variationoftimetod- to one-halfamplitudewithMachnuuiber.

Figure4.-Longitudinalst&biM& characteristicsofmodels.
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/
Wingfirstmode
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%

/

secondmode ‘I
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\

Bodymode
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(b)Canardmodel.

linesforthevariousnmdesFigure5.-Mcdelvibrationfrequencies.Node
. areindicatedby dashedlines.
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I Figure 6.-Power-spectral-density functions of atisphertc turbulence for the cmerd-tiel test obtained s

frcnn airspeed-fluctuation data. ~
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(a) M=l.Ol~;K= 0.0034(aftersustainerburning).
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(b) M = 0.94;K = 0.0041(aftersustainerburning).

Figure8.-Power-spectral-densityfunctionsofnormal-accelerationdata
forthecanardmodel.
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(c) M= 0.89;K= O.0571(beforesustainerburnin.g).
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(d) M= O.@t;K= O.028+(beforesustainerburning).

Figure8.-Continued.
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(e)Powerspectrumfrommagnetic-tapeanalyzer.M = O.%; K = O.O@+l.
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(f)Powerspectrumfrommagnetic-tapeanalyzer.

Hwe 8.-Concluded.
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(a) M = l.d+;K = 0.0370.
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(b) M = 0.92;K = 0.030.

Figure9.-Power-spectral-densi@functionsofnormal-accelerationdata
forthetsil-lastmdel.
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Figure9.-Continued.
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Figure9.-Concluded.
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(b)Canard model.

Figure10.- Variationofexperimentalandcalculatedroot-man-square
normalaccelerationwithMachnumber.
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Figure 11.- Variation of root-mean-square normal acceleration with lkch
number of tailless (ref. 1), tail-hat, end canard nmdeb for a wing
10d.ing Of 22.7ti/sqft.


